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PREFACE 


The Space Shuttle has as one of its design goals the requirement that it 
have a minimum operational constraint due to natural environment conditiors. 
This includes not only terrestrial weather activi^ but also orbital space 
environment influences. The natural env Ironment criteria requirements on the 
Space Shuttle design have been developed with this d}jective in mind. However, 
it is not practical to design the Space Shuttle such that it cau operate satisfac- 
torily in any and all natural environments. Even those environments for which 
the design is intended to insure maximum operational capability (for example, 
triggered lightning discharges, maximum dynamic pressure level extreme 
wfnds, and high levels of solar radiation) may cause problems. Avoiding 
unnecessary encounters with these C(»ditions through die use of prelaunch 
observations, predictions, and real-time monitorship during operation is 
obviously a prudent precaution. 

The objective of this report is to focus attention on these ^>ace Shuttle 
test and operational events that may need natural environment support based 
on the Space Shuttle system as described in the NASA Space Shuttle Program 
( Level II) JSC 0770C documents. By doiiig so, efforts can be made early in 
the facilities plaiming, mission operations network development, and ground 
mission operations control center establishment to accommodate an adequate 
degree of natural environment support. It appears that most, if not all, 
envisioned natural environment support requirements can be met from either 
existing support capabilities or technology which should easily be operational 
in this decade. Probably the single most important requirement will be near- 
real-time communications of natural environment observations and predictions 
so that wamii^s and alternate options can be implemented. Another need will 
be to oiganize the available natural environment operational support information 
for the Space Shuttle such that it can be made available where and when it is 
needed with optimum use of existii^ resources. This may seem to be an 
obvious rfKjuirement, but only early planning will enable it to be accomplished 
in a purposeful and coordinated manner. Ihe only alternative is a fractured 
operational support situation hurriedly put together in ihe final few weeks or 
months before the Space Shuttle test or operational program activities. 

This document revises and updates the initial report, NASA CR-61346, 
completed in 1971. While the earlier report addressed general requirements 
and initial comsepts, this report becomes more specific and is directed to the 
current Space Shuttle concepts, tests, operational plans and flight st.hedules. 
Thus, the natural environment support requirements are phased in with the 
currently planned timetables. 
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The Space Shuttle Natural Knviromnent inputs can be found in Appendix 
10. 10 ’’Natural Knviromnent Design Requirements,” Volume X Space Shuttle 
Level II Program Definition atid Requirements (JSC Document #07700) . 

It is necessary that during tests and operations the Space Shuttle Mission 
Control Authority be presented a single coordinated version of the natural envi- 
ronment as it affects the mission. To insure this type of support a focal point 
is needed through which each phase of the natural environment support is fun- 
neled. The focal point, at a single senior organization level would establish 
the procedure that each source would follow in providing his portion of the 
natural environment support package. For example, one source might have the 
responsibilify for predicting in-flight winds, another might have the status of 
alternates, and a tiiird the formation and location of thunderstorms/severe 
weather. These predictions would all flow through the focal point where they 
would be integrated into a complete picture of the natural environment. In this 
way, the Test/Mission Control Authority could receive one official input from 
which to make a decision. 

This report is divided into two chapters to separate discussions from 
listing and work sheets. 

Chapter I entitled ’’Interfaces Between Tests/Operations and Natural 
Environment” is comprised of discussion type material, while Chapter II 
entitled ’’Detailed Natural Environment Support Requirements” lists the natural 
environment support required for each Space Shuttle activity. 

It is strongly recommended that Chapter I be read in full before proceed- 
ing to the work sheets of Chapter II. 


William W. Vaughan 

Chief, Aerospace Environment Division 

Space Sciences Laboratory 

NASA -Marshall Space Flight Center 
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FOREWORD 


This document was prepared to satisfy a requirement of Task Agreement 
986-25-21-368, ’’Systems Requ* '•ments and Synthesis-Aerospace Environmenc” 
between the Johnson Space Center Space Shuttle Prc^ram Mannger and the 
Marshall Space Flight Center Project Manager. The specific task assignment 
directs the MSFC Aerospace Environment Division to ’’Assess the needs for 
test and operational flight program support relative to natural environment 
measurements and predictions.” 

The results of the assessment, which comprise the contents of this 
report, are presented as guidelines rather than directives. However, it is 
clear that the authority directing the assessment will require that this material 
be used when implementing natural environment support procedures and as 
justification for service and equipment systems. 

Also, by Virtue of its role as a guidelines document, the report is not 
intended to contain the detail required to implement natural environment sup- 
port procedures. That task is the prerogative of those organizations respon- 
sible for conducting the ^ace Smttle test and operational flight programs. But 
alerting those organizations now may help to insure that adequate support 
services will be ready when needed. The Aerospace Environment Division of 
Marshall ^ace Flight Center is available, as part of its overall Shuttle System 
assignment, to assist in developing th^ appropriate details and procedures to 
implement the requirements. 

While the philosophy used to establish the natural environment design 
criteria should insure a low risk operation, there will undoid5tedly be some 
atmospheric constraints established. For example, the vehicle will, in all 
probability, be constrained from flight through a thunderstorm. This constraint 
then will dictate the establishment of a procedure to identify, monitor, and 
predict thunderstorm activity in the S^ace Shuttle flight path. Similar reasoning 
might be applied to any nr'^nral environment hazard or possible vehicle con- 
straint. Consequently, it would seem prudent for those organizations charged 
with atmospheric support responsibilities to begin developing concepts and 
establishing procedures to insure avoidance of natural environment hazards 
during ^ace Shuttle tests and operations. 

At this point in time it appears that the activities most likely to require 
advanced detection and monitoring procedures are those from deorbit decision 
to Orbiter landing. Some areas needing special consideration are listed in the 
following paragraphs: 

PRECEDING PAGE BLANK NOT FILMED 
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1. Com muni rations — It may be necessaiy to establish procedures for 
rapkl (In some cases real-time) transmission of natural environment observa- 
tions and measurements to the Space Shuttle operations control authority. For 
example: 

a. Winds in the TAEM region foi* deorbit decision and descent 

guidance. 

b. Severe weather such as thunderstorms c..d turbulence in the 
Orbiter flight path for deorbit decision. 

2. Flight Following (Meteorological Watch) — These interchangeable 
terms rtter to the very important function of keepii^ track of the weather durii^ 
the course of the mission. Effective fl^ht following requires that the atmos- 
pheric specialist be a part of the operations team. He must know the in-flight 
and terminal conditions for all possible landii^ sites at all times durii^ the 
mission. Of course this requires close cooperation with the control authority. 

It is proposed that flight following as described in Section IVB be instituted. 

3. Aerial Reconnaissance — Provide for aerial monitoring of icing and 
turbulence of the Orbiter flight path from jet aircraft altitudes to landing. 
Establish communication facilities and procedures to permit immediate trans- 
mission of aircraft reconnaissance reports to mission control authority (and 
perhaps to Orbiter) . 


SITMMARY CHART 


The following chart, a condensation of Chapter II, is for the use of 
those persons who do not need the detail provided by Uie entire report. The 
aW'i'eviated list of Shuttle activities carries a letter code thrxt irriicates when 
each of the natural environment observatioas/predictions is needed. In the 
letter corle R= required, D= desired, and NR= not required. 

The chart indicates, for example, that both winds aloft observations and 
forecasts are required for ground tests. While winds aloft are not needed for 
;ll ))hases of ground tests, they are required for far-field acoustics and solid 
rocket booster (SRB) exhaust cloud monitor ing and predictions. 


xiv 
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The first row in each column is for observation, the second is for prediction. 































































































CHAPTER I. INTERFACES BETWEEN TESTS/OPERATIONS 
AND NATURAL ENVIRONMENT 



SECTION I. INTRODUCTION 


NASA CR-61346» entitled "Natural Envircnment Support for Space SSiuttle 
Tests and Operations* " was written in 1971 to initiate Ifae plaxming for the natu- 
ral 'environment support requirements for Sjpace Shuttle tests and operations 
through the 1980* s. The earlier document, now superseded by this document, 
was written in general requirements and based on early Space Shuttle concepts. 
Some of the concepts have changed and plans have developed so that it is now 
necessary to reevaluate the natural environment support requirements, start 
Uie planning for specific hardware items and techniques, define operational 
constraints based on design achievements, and develop ccmcepts and procedures 
to assure that operational constraints, when established, will not be exceeded, 
while optimizing efficiency and safety for the assigned missions. 

The purpose of this report is to identify all ^>ace Shuttle activities or 
events that need nattiral environment support and to suggest the type and degree 
of support needed. This material is not directive but is presented as guidelines 
for use by those persons charged with planning for and implementing natural 
environment support procedures for %>ace Shuttle Tests and Operations. 

As the ^ace Shuttle is being developed, it appears that natural environ- 
ment sqpport requirements will be more demsndii^ than those for previous 
large scale space vehicle nrojects. Thus, it is necessary to optimize current 
capabilities, identify where new facilities and techniques are required, and 
implement procedures for timely completion of all preparations coincident 
with Space Shuttle development. 

rhe numerous volumes of the Space Shuttle program requirements, 
directives, procedures, etc. , controlled by the NASA Space Shuttle Program 
Manager (Level n), JSC 07700 were used extensively to determine Space Shuttle 
events which wiil interface with the natural environment. Operational data and 
informatimi in this report are based on those documents and are sdbject to 
change as these primary reference documents are revised. Appendix 10-10, 
"Natural Environment Design Requirements," of the Space Shuttle Level II 
Program Definition and Requirements Volume X (JSC 07700) contains a detailed 
description of the design requirements. 

The entire Sjpace Suittle tests and operations have again been reviewed, 
and die degree of involvement of events that interface with the natural environ- 
ment have been determined. This document will follow the same format as 
the earlier document with two new sections, one devoted to development tests 
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(Section III) and one devoted to ferry flights (Section VIII) . Also the solid 
rocket booster (SRB) flight and recovery (Section V,C) has a new operational 
concept. The primary Space Shuttle launch and recovery sites have been 
designated as Kennedy Space Center (KSC) , Florida, and Vandenberg Air 
Force Base (VAFB), California. The first launches from VAFB may land at 
Edwards Air Force Base (EAFB) . Thus, the natural environment support for 
launch and recovery can now be tailored to specific operational locations. 
Chapter I contains a discussion of the interface between operation/test events 
and the natural environment. Chapter II specifies the detailed natural environ- 
ment support requirements for each event within the various phases. Because 
it is expected that certain trade-offs may be necessary, each event is identified 
as to the importance of natural environment support to that event (inconven- 
ience, caution or safety) and the support is identified as "required” or 
"desirable.” This identification of events and support is based on the best 
judgment of those contributing to the preparation of this document. 

Section II, Chapter I, describes the natural environment support facil- 
ities and capabilities available and programmed to be available to support 
Space Shuttle operations. This section, with details in an associated Section 
II, Chapter II, specifies the facilities needed at the operating locations. While 
requirements may be established in other sections, or in support of other docu- 
ments, these sections recap existing and programmed facilities. Figures 1 and 
2 are diagrams of the proposed KSC and VAFB Space Shuttle launch complexes. 

For purposes of this document. Space Shuttle operations are divided 
into 4 phases: 

Phase I — Preliminary^ and Prelaunch Events. 

Phase II — Launch to Orbit Events. 

Phase III — Orbit Maneuvers and Operations Events. 

Phase IV — Decrbit, Entry and Landing Events. 

Each phase is discussed in a separate section (IV through VII) in 
Chapter I. Events with a natural environment interface within each phase are 
idertified and the support required to minimize adverse effects of the natural 
environment are specified in corresponding Sections IV through VII in Chapter 
II. 


4 




proposed concept for the KSC Space Shuttle launch complex. 










DELUGE WATER RESERVOIR 



Figure 2. A proposed concept for the VAi'B Space Shuttle launch complex. 
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This document contains a unique, comprehensive Table of Contents with 
Chapter I and Chapter 11 page references in columns for easy reference. This 
also eliminates lists in each chapter, which reduces repetition and, therefore, 
simplifies revisions. There are other innovations in this document designed to 
minimize the work in keeping items in the document current. Amendments 
will generally be page changes or reissue of the document, whichever facil- 
itates easy maintenance of a current document. 

The Space Shuttle consists of an Orbiter with a large expendable external 
fuel tank ( ET) which is mated with two recoverable solid rocket boosters 
(SRBs) . Figure 3 is a diagram of the Shuttle flight vehicle configuration. After 
launch the two boosters will be released at about 41 km altitude ( 136 000 ft) , 
ascend to apogee at about 64 km (210 000 ft), and descend by parachute for 
water impact, recover>’, refurbishment, and reuse. Asce n max q will be at 
about 11.25 km (36 900 ft) and SRB descent max q will be at about 17 km 
(56 000 ft) . The disposable ET will be released from about 116 km altitude 
(380 000 ft) for free-fall and water impact, with descent max q at about 50.6 
km ( 166 000 ft) . The Orbiter will continue with a capability of up to 42 man- 
days in space with various types of missions. After mission completion the 
Orbiter will enter the atmosphere for glide and landing at the specified ter- 
minal. An artist* s conception of a typical Space Shuttle mission as presently 
envisioned is shown in Figure 4. Figure 5 depicts a typical entry trajectory. 
Table 1 lists the Space Shuttle Program Traffic Schedule. 

The present time schedule is that development and operational tests will 
be conducted through 1977 ; test vehicles will be utilized in the period 1977 to 
1980, and the program will become operational in 1980. Section III, Chapter I, 
considers the requirements for natural environment support for all tests. This 
is more inclusive than the earlier document which considered only th'* tests which 
would also apply to operational flights, while this document includes all known 
development tests which have a significant natural environment interface. Of 
course, experience during tests will be a valuable source of information to use 
as a basis to modify and improve support for operational flights. Section III, 
Chapter II provides the detailed natural environment support requirements for 
development tests. 

Ferry flights of the Orbiter vehicle are discussed in Section vni. 

Chapter I, with natural environment support requirements for the special ferry 
flights detailed in Section vm. Chapter II. 

The events and suppc.'t described in this document are expected to change 
as the Space Shuttle program evolves. Known changes are solicited to help keep 
this document current. 
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gure 3, Spac6 Shuttle vehicle* 





F'ijrure 4. Space Shuttle mission sequence. 
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LONGITUDE, X (deg) 

Figure 5. Typical entry ground tracks. 



TABLE 1. SHUTTLE PROGRAM TRAFFIC MODEL® 


3.2. 1.1.1 Traffic Model. Program scheduling, operations planning, flight 
hardware, ground system requirements, and costs shall be based on the 
Shuttle Program traffic model described in Table 3.2. 1. 1. 1. Launches are 
assumed to be equally spaced in each year. However, a more rapid second 
launch shall not be precluded by vehicle or ground system design. 


SOURCE: 
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Total Shuttle 
Flights /Year 
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15 
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Flights /Year 
From KSC 

6 

15 

20 

22 

26 
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40 

40 

40 

18 

Flights /Year 
From VAFB 

- 

- 

4 

10 

14 

20 

20 

20 

20 

20 
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a. Taken from JSC 07700, Volume X. 


Reliability values given in this document can be considered as root mean 
square (RMS) deviations about a mean value, which is the best estimate of the 
measure of the quantity. 


SECTION II. NATURAL ENVIRONMENT SUPPORT FACILITIES 
AVAIUBLE AND PROGRAMMED TO BE AVAILABLE TO 
SUPPORT SPACE SHUTTLE TESTS AND OPERATIONS 


The types of natural environment support available to meet Space Shuttle 
requirements are introduced in this section. Although the information is as 
complete as possible, a specialist in the specific support required should be 
consulted for optimum use of resources [1-5] . The Federal Plan for Meteoro- 
logical Services and Supporting Research, FY 74 [4] has been used extensively 
as an authoritative reference for descriptions of present and programmed 
weather service. 
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Support services for civilian requirements are generally available from 
the National Oceanic and Atmospheric Administration's (NOAA) National 
Weather Service (NWS) and for military requirements from the Department of 
Defense, Air Force Air Weather Service (AWS), from the U.S. Army (who 
provide their own weather service for research and development) , and from the 
U.S. Navy (who have a weather service to meet their requirements) . Other 
Government agencies such as the U.S. Coast Guard, the Federal Aviation 
Administration (FAA), the National Aeronautics and Space Administration 
(NASA), and others have the capability to meet their own specialized require- 
ments when the service is not otherwise available. Numerous private com- 
panies also provide specialized weather service, studies, and research and 
development to meet new requirements. Most foreign countries also have a 
central weather service. Information about foreign weather services is avail- 
able through the World Meteorological Organization (WMO) . 


A. Surface Observations 

Development of new technology to improve surface weather observations 
is primarily in two areas: 

1. Improvement in automatic sensing and measuring of atmospheric 
parameters to reduce manpower requirements and secure information from 
re: ViOto and previously inaccessible areas. 

2. Improve the automatic collection and initial processing of weather 
observations. 

Botli of these will greatly improve the weather information available for Space 
Shuttle support and specific requirements are identified throughout this 
document. 


1. Wind Observations Near the Surface. Wind measurements near the 
surface or on towers are usually recorded with wind vanes and cup or impeller 
anemometers. Standard instruments are reliable to 3 degrees direction and 
1.0 m/sec in the usual wind values. Instruments used for range support will 
provide frequency response up to 2 Hz and 80 percent amplitude resolution. 
Special low masr> anemometers measure three components of the winds at very 
low wind speeds. Hot wire anemometers are quite accurate, but they are 
delicate and their use is generally limited to wind tunnels and laboratories. 
Sonic anemometers have been developed for special uses but the additional cost 
must be considered for the additional accuracy gained. The near-surface wind 



requirements are usually met with vertical and horizontal arrays of standard 
wind equipment. The wind data may be transmitted immediately to control 
centers and recorded on magnetic tape. There is also a completely mechanical 
device which will record the "maximum wind" during a given time period. The 
FAA is investigating the use of an acoustic and a laser i>oppler sounder for low 
level remote wind measurements to improve measurements of the variubility 
of the wind in areas such as around airports. 

The available and programmed surface wind equipment for the Space 
Shuttle launch and landing is listed in Section II, Chapter II. Wind observations 
for landing and recovery of the boosters are spe* 'iied in Events II -9, -10 and 
-11, Section V, Chapter II. 

2. Temperatu^^e and Humidity . Temperature and humidity are usually 
considered together because humidity is quite meaningless without temperature. 
Both are easily obtained with standard equipment. Relative humidity and 
absolute humidity are often confused. Relative ’ umidity is the most easily 
obtained and is popularly referred to as "humioity." It is expressed in percent 
and represents the percent of water vapor in the air compared to how nmeh 
water ' apor the air could hold, with 100 percent being the saturation point. 
Absolute humidity is the ratio of the mass of water vapor present to the volume 
occupied by the moist air mixture, that is, the density of the water vapor com- 
ponent. Absolute humidity is usually expressed in grams of water vapor per 
cubic meter or, in engineering practice, in grains per cubic foot. When tem- 
perature and pressure are known, either type of humidity can be computed from 
the other. When effects on equipment are considered, the absolute humidity is 
a more reliable indicator of the amount of water vapor that is available to react 
with metals or other chemicals. 

Temperature and humidity can be determined by a psychrometer — 
wet- and dry-bulb thermometers — which, when they are properly ventilated, 
indicate the thermodynamic wet- and dry -bulb temperatures of the atmosnhere 
from which relative or absolute humidity can be determined. Temperature 
measurements are reliable to about 0.3® C and relative humidity to about 3 
percent. 


Several temperature and dewpoint measurii^ sets are on the market 
which will give continuous readings of temperature from a thermocouple or a 
resistor and of dewpoint from a chemical solution or from a cooling module and 
a sensit^ mirror to measure when condensate forms. These temperature 
reliabilities are about 0. S® C for temperature and T C for dewpoint. These 
readings can be "remoted," transmitted to a control center and recorded on 
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magnetic tape. A hygrothermc^raph consists of a strip chart on a drum, 
usually timed for 8 days, with a temperahire pen arm operated by a bimetallic 
strip or a bourdon tube and a humidity pen arm operated by a hair hygrometer. 
These readings are not considered accurate, however, unless they are fre- 
quently calibrated. 

Temperature and humidify equipment for routine enervations are 
adequate for Space Shuttle launch and landing operations. Climatic temperature 
aiKi humidify data are necessary for vehicle development and to relate develop- 
m mt tests to actual operations. Also, temperature and humidity data are 
needed to evaluate equipment lifetime. 

Temperature and humidify data are needed hourly at en route Orbiter 
ferry sites to compute air densify which may be critical for heavy aerospace 
vehicle operations and also to avoid excessive compartment temperatures if 
the vehicle is left in the sun where extreme temperatures may reach 88” C 
( 19(f F) , see Reference 6. 

3. Visibility. Visibility has traditionally been a measure of the distance 
that objects can be distinguished in daylight or lights can be seen at night. A 
transmissometer has been developed which measures the transmissivity of 
light, usually in the range of 100 m to 3 km. This transmissivity has been 
empirically equated to visibility. Reliability is within approximately 10 percent 
for visibilities up to 3 times the length of the baseline. The system is unreli- 
able for vrsibilities greater than 5 times the baseline. The "slant-range 
visibility," r value of direct relation to aircraft landings, is not easily 
observed. Some attempts have been made to calculate slant-range visibility 
from surface visibility and cloud h<>ights but these have not been successful. 
Types of precipitation and condition of the windshield may be significant in 
itiaking visual contact with the runway. Transmissometer readii^s may be 
remoted, recorded, and retransmitted. 

Minimum visibilities will be established for safety and to meet 
mission objectives for launch, landing, and recovery of the boosters. This 
may vary depending on Uic .nissioi. Standard visibility observations and pre- 
dictions will interface with operation events as required in Chapter n. 

4. Cloud Heights. Cloud heights are most frequently estimated by a 
trained observer. Certain mechanical and electre .lic aids have been developed. 
A cloud ceiling is defined as the height at which 6/10 or more of the sky is 
obscured. Both ceiling height and visibility equipment must be supplemented 
with visual observations to be completely reliable. Equipment to assise in 
measuring cloud height consists of constantly rising balloons (5 ms'*) for day 
time use and a ceiling light beam with a theodolite or clinometer for night use 
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to measure the angle of inclination of the light spot on the cloud base, from 
which the cloud heists are easily computed. These methods are reliable up to 
1 km altitude. Several types of cloud height sets are in use \idiich have a 
visible or infrared beam and a detector to measure the light spot on the cloud 
and to compute cloud heights automatically. Readings can be as frequent as 
every 3 sec. Readii^s are provided either day or night and reliability is within 
10 percent up to six times the baseline (usually 122 m) . A vertical pointing 
radar may be used to detect clouds; it can frequently provide bases and tops ol 
up to three layers of clouds. The measurements of cloud heights can be 
remoted and transmitted to a control center and recorded on magnetic tape. 

Launch of the Space Shuttle vehicle may be throi^h clouds with some 
limitations and the returning Orbiter may fly through clouds and possibly light 
rain but these criteria are yet to be determined. Expert predictions, flight 
following, observations, and possibly reconr iissance will be required. 
Requirements for cloud information for each operations event are specified in 
Chapter Q. 


5. Radar Storm Detectors. Radar storm detectors operating at wave- 
lengths of about 3.2, b.3, or 10.3 cm can detect clouds to a maximum range 
of 400 km, depending on the moisture content of the clouds and type of radar 
used. With this equipment, buildup, movement, and dissipation of fronts, 
squall lines, and isolated rain showers and thunderstorms can all be detected. 
The complete data are stored on video tape* 

The Basic Weather Radar Network comprises specific NWS and 
Defense radars. The FAA Air Traffic Control radars are also used in this 
Network to provide limited data in the mountainous areas of the western United 
Stales. NASA and USAF radars will also be available as part of the network 
for Space Shuttle support operations. 

Radar is one of the principal sources of weather information used 
in preparing vital weather warnings and observations that protect life and 
property, particularly for control and safety of aircraft in fli^t. 

The Federal Plan for Weather Radars and Remote Displays (7) , 
currently under revision, will provide basic guidance and access for optimum 
use of the Radar Network. NWS is supporting a Digitized/Radar Experiment 
(D/RADEX) to complete a three-dimensional digitized radar capability in 
FY 1974. 
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6. Remote Automatic Weather Observing Stations . Remote automatic 
weather observing stations ( land and ocean buoy) are available and encompass 
all of the items of equipment used in taking and recording the surface observa- 
tions. They operate unattended for up to 2 wccks> or longer with a reliable 
power source. 

Automatic meteorological observing stations have been designed to 
perform such duties as reading basic mctcorolq'ical instruments and trans- 
mitting data. A comparable sj'stem for remote unattended sites is under 
development. Systems are also being dovelo|)cd to collect data from remote 
stations by satellite, as well as the satellite cafvibility to observe and report 
some parameters in remote areas. To get critical sea level information from 
data-sparse, storm-prone areas, NWS is testing and evaluating three data- 
gatheriag buoys. These have proven quite useful and will soon be available 
for o|H?rational pre^rams and scientific investigations. Requirements for these 
automatic, remote capabilities for collection of data are specified in Chapter n. 

7. KloctrosUUic Potential . Electrostatic potential is measui'cd by a 
radioactive device to detcrmiiu? the electric field intensity at a |K>int on the 
earth. The principle of o|ieration of the radioactive device assumes that Uie 
ionization of the air close to Uie conductor is partly carried away by the field 
or is returned to the sensor, depending upon polarify, until an equilibrium cur- 
rent flow is established. 

Another instrument used in measuring potential gradient is the field 
mill. This instrument operates by allowing a fLxed plate to be alternately 
charged and discharged by the atmospheric potential gradient. Because of the 
difficulty of calibrating a radioactive device, the field mill is used for more 
precise measurements of atmospheric potential [5, 8-10]. 

B. Upper Air Observations 

The following improvements are bein^ made in the measurement of 
upper air parameters: 

1. The Next Generation Upper Air Sounding System (NEXAIR) is the 
use of on-site minicomputers for automatic processing of upper air data from 
balloon-borne instruments. 

2. Experiments have shown that the long-iange radar with a digitizer/ 
processor can quantitatively determine severe weather echoes and track them, 
providing better information on their expected movement. 
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3. The Airborne Weather Reconnaissance System (AWARS) , now un jer 
development by the Department of Defense, is a completely integrated system 
of airborne sensors, with computer-generated display and data processing sub- 
systems. AWARS is compatible with existing weather co"sction and data a*acs- 
mission systems and will provide an improved capability to meet requirements 
for meteorological data collection, processing, and transmission from recon- 
naissance aircraft. 

4. New families of satellites will continue to provide more useful atmos- 
pheric data by (a) determinii^ vertical soundings of atmospheric thermodynamic 
data, (b) providing more and better information from data-sparse areas, ana 
(c) providing better detection and tracking of storms. Also, the observations 
will bo processed for real-time weather support. 

5. Remote sensing of atmospheric parameters shows much promise 
with equipment under development. There is considerable potential for meas- 
uring the temperature, humidity, wind, and turbulence in the low levels of the 
atmosphere with much more detail and reliability than was possible heretofore, 
and these should be applied to Space Shuttle operations when they become 
operational. 

1. Wind Observations Above the Surface Layer. Winds above the sur- 
face layer are observed by noting the motion of objects in the atmosphere as 
accurately as possible. The use of rising balloons which are tracked by one or 
two theodolites when they are visible and by radar or radio direction finding 
equipment is the most widely used method. A radiosonde suspended from a 
balloon transmits frequencies that are converted to pressure, temperature, and 
humidity versus altitude and time. The complete observation from Uie surface 
until the balloons burst, frequently about 30 km, is called a rawinsonde observa- 
tion. A radar reflective balloon, which is tracked with a precision radar, 
provides tlie most precise wind profile to about 18 km. A roughened balloon is 
used to prevent or cont\*ol vortex shedding, with resultant decrease in aero- 
dynamic motion. A widely used sensor is a super pressu 'e-roughened radar 
reflective balloon about 2 m in diameter, called a "jimsphere.** Balloons 
designed to float at constant altitude can be placed in the atmosphere and 
tracked for several days. 

The resultant wind drift of an aircraft over some distance is used to 
compute the resultant wind speed and direction at flight altitude. Meteorological 
rockets launched to altitudes of 85 to 100 km may eject radar chaff, falling 
spheres, or a sounding instrument. The most common rocketsonde provides 
inforn'.ation from which winds, temperature, pressure and density are computed 
from about 65 km to 25 or 30 km at which points the data are compared with 
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radiosonde data. Special sensors arc used in the u|»|)cr atmosphere (sec 
Section IIC5) . Many special high-atmosphere and near-earth probes have 
provided some wind data in this region. Exploration, equipment, and data are 
expected to become routine above the 65 to 70 km altitude currently achieved 
and to increase our knowledge of the upper atmosphere greatly in the next 
few years. 


2. Temperature a.td midity. Temperature and humidity in the upper 
atmosphere are reported routinely by radiosondt* ations (th- ...«rmo- 

dynamic data from the rawinsonde). Moisture decreases below the threshold 
of routine detection at about 12 km. Special obsen'ations have measured mois- 
ture above this level but the amount has not been determined as significant for 
Space Shuttle operational support requirements. Temperatjre, however, can 
be measured or computed from nearly all probes discussed under wind obser- 
vations. Temperature and humidify can be measured from a tethered balloon 
which is allowed to ascend to about 300 m and is then recovered. Temperature 
and humidify are also frequently available from aircraft observ-ations. Some 
specially equipped reconnaissance aircraft may drop sensors known as dron- 
somles from which profiles of temijeraturc, humidity, and pressure are com- 
putc<l from flight level to the surface from radio signals transmitted to the 
aircraft. 


3. Pressure . Pressure in the upper atmosphere is measured with an 
aneroid cell and an arm which is activated by the aneroid to sweep across 
electrical contacts, causing signal transmissions that can be interpreted as 
pressure. Data arc reliable to about 0. 2 to 1 . 0 percent, depending on height, 
up to 10 mb. Above 10 mb a hypsometer uses the principle of the variation 
with altitude of the boiling point of a liquid (carbon disulfide) to measure 
atmospheric pressure. The barometer or hypsometer is part of the sounding 
equipment described previously. 

4. Airborne Radar Storm Detection Equipment. Radar storm detection 
equipment, specially designed for airborne operation, is o.'len carried aboard 
aircraft. These observations or scope readings are usually available only to 
the flight crew and little use is made of them after their immediate use. Special 
reconnaissance aircraft may photographically record scope pictures of major 
storms or hurricanes and the AWARS System is designed to make this informa- 
tion available for use along with other weather data. 

5. Weather Satellite Observations. Weather satellite observations 
h:'vc provided global cloud cover photographs about 12 years. The program has 
not yet achieved its full operational capability, but a large amount of useful 
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data has been collected. Present satellites transmit data directly to ground 
receiving sites and store the information on magnetic tape for subsequent 
transmission on demand. Future satellites will rely on scanning radiometers 
for earth-cloud imagery in both visual and infrared wavelengths. 

The environmental satellite program will enter a new phase in 1974 
with the launch of two Synchronous Meteorological Satellites, NASA's prototypes 
for the Geostationary Operational Environmental Satellite (GOES) . The GOES 
system will provide nearly continuous observations of cloud cover, hurricanes, 
and severe storms and will collect and relay data from observing platforms 
and remote stations. Both NOAA and the Department of Defense are readying 
ground facilities for use with the GOES system. NOAA is establishing Satellite 
Field Service Stations at Miami, Washington D.C. , Kansas City, San 
Francisco, and Honolulu to provide around-the-clock analysis and interpretation 
of the satellite data for weather analysis and forecasts, storm warnings, and 
oceanographic forecasts. The Air Force is establishing a similar facility at 
its Global Weather Central (GWC) , Offutt Air Force Base. 

The current polar-orbitir NOAA series of operational satellites 
will be maintained, with new launches scheduled as needed. The ITOS-D, now 
NOAA 2, was launched in October 1972 and ITOS-E, now NOAA 3, in 1973. 
Satellitss in this series provide day and night images of the earth, its cloud 
cover and oceans, as well as vertical profiles of temperature and moisture 
in the atmosphere. Additional information is contained in Reference 11. 


C. Space Environment Observing Equipment ’ 

1. Earth* s Magnetic Field. The earth* s magnetic field is measured by 
a magnetometer network which measures geomagnetic variation. Variations of 
the geomagnetic data furnished by the network are related to temperature and 
density variations at the altitudes of low earth satellites. A large solar flare 
can cause immediate disruption of communications systems due to emission of 
ultraviolet and X-ray energy. This activity is followed, in 30 to 60 min, by 

^ high energy protons, called cosmic rays. About 2 days later the solar protons 

and electrons emitted from the flare reach the earth* s atmosphere, causing 
magnetic and ionospheric storms. The magnetometer readings provide a 
i quantitative indicatton of atmospheric and electron density changes to be 

I ' expected a few hours after the onset of the magnetic storm [2]. 

i 

2. Ionospheric Soimdings. Ionospheric soundings (ionograms) up to 
the Fj layer ( about 300 km) provide indications of disturbed conditions caused 
by solar flares or magnetic storms and information concerning the propagation 
of HF radio communications systems in the region sampled. The ionospheric 
sounder consists basically of a pulse transmitter, a wide-band receiver, a 
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readout and a ^)o\vcr supply. The equipment determines, as a function of fre- 
quency, tlie virtual heights and electron densities of reflecting layers in the 
ionosphere up to the layer of maximum electron density (F 2 layer) l2l . 

3. Cosmic Radio Noise . The relative intensity of cosmic radio noise 
received at the earth* s surface is measured by an instrument called a riometer. 
The cosmic radio noise is abs^^bed or attenuated as it passes tkirough the 
ionosphere and the amount of ati*'— ation depends upon the density' of charged 
particles in the ionosphere. These measurements are useful for detecting 
solar flare activity and related changes in ionospheric density and for predicting 
long-range communications conditions {2l. 

4. Neutron Monitor . A neutron monitor is an equipment system which 
uniquely detects those secondary neutrons and protons which are produced as 

a result of collisions of high energy protons with air molecules in the earth* s . 
upper dmospherc. The high energy protons, which are emitted from solar 
flares, have energies greater than 400 Mev. Information concerning the 
occurrence of high energj* protons is useful for providing warnings to manned 
space activities and for predicting subsequent variations in the density, elec- 
tron density, and magnetic field strength. The equipment consists of a series 
of Geiger tubes surrounded by lead and polyethylene. An alarm system is 
activated when the counting rate exceeds a predetermined level ( 2l . 

5. Rocketsondc and Upper Atmosphere Rocket Probes . Rocketsonde 
and up|)er atmosphere rocket probes arc made on an experimental and test 
bitsis. Winds, temperatui’e, pressure, and density are measured quite fre- 
quently from rawinsonde altitudes (30 km) to about 65 km. With slightly larger 
rockets the data can be extended from 65 km to about 90 km. Above 90 km, 
different techniques must be used and, with larger rockets, the costs increase 
rapidly. Rocket probes with mass spectrometers to detect the composition of 
the upper atmosphei'e have been used experimentally. Data are gcathered by 
these techniques from about 120 km to about 155 km with some measurements 
as high as 320 km 1 12 I . Special cryogenically cooled instruments may provide 
atmospheric composition measurements much lower than 120 km. 

6. Densities of Satellite Altitudes. Densities at satellite des ( 140 
km and above) are most often computed from orbit trajectories. A drag coef- 
ficient of the satellite is cor puted or assumed, and the orbital decay is a 
function of the density. Densities at these altitudes are also measured by 
satellite-borne accelerometers and mass spectrometers. 
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7. Solar Activity. Solar activity is observed by a solar optical telescope 
system to maintain continuous visual and photographic surveillance of the solar 
atmosphere. Also a radio telescope can be used, consisting basically of an 
antenna and a receiver. The unit of measurement for radio frequencies associ- 
ated with solar flares is antenna temperature in d^rees Kelvin. The radio 
frequency emission from the sun may increase by several orders of magnitude 
during a large solar flare. The receiver amplifies only those signals in a 
certain band of frequencies. 


0. Prediction Capabilities of the Natural Environment 

Because prediction capabilities have many variables and prediction 
results are controversial, they are discussed here only in generalities. In 
addition to the natural environment variables, such variables as the time 
interval involved, the lead time, the detail desired, the information available 
and the options available influence a successful prediction capability. There is 
some capabir'y, however limited, to predict all of the natural environment 
items discussed herein. Tradeoffs have successfully been reached in the past 
between observing, engineering and predicting. This document is the initial 
step to explore ways to again successfully achieve this balance and to identify 
the actions to follow in the intervening years for support of the Space Shuttle 
Program. 

Nearly all prediction methods require that past occurrences be exten- 
sively investigated. Some patterns become apparent (such as seasonal weather 
conditions and the solar activity cycle) , but as more and more detail is 
required about the future, the more chance there is that some unknown factor 
will modify ’'he pattern. In the upper atmosphere, data are just becoming 
available so that as these data are analyzed and more data are gathered, it is 
reasonable to expect that upper atmosphere predictions will improve more 
rapidly than those for the lower atmosphere. Also, additional papers on upper 
atmosphere and space predictions are becoming available [ 13] . 

In the lower atmosphere, environmental data have been gathered for 
many years and the records are available to provide a complete description of 
past occurrences, so there is now available a nearly complete description of 
atmospheric phenomena which may be expected to occur in the future, as well 
; ' as a close estimate of the frequency of expectation of certain criteria. To 

assure that operations are within the design capability of equipment, the chances 
of a phenomenon occurring must be traded off against the cost and feasibility of 
designing for that criterion. Secondly, a capability must be developed to assure 
that, operationally, the established Space Sluittle design criteria and operational 
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consti’aints arc not oxcecdi'd (14l. This is accomplished by (l) carefully 
measuring the phenoircnon, (2) communicating data to control autliority along 
with adequate prediction and warning that the operation is on a collision course 
with the environment, and (3) directing alternate options that are available. 

Progress of prediction capabilities is described in Reference 4 and 
supporting documents. Special prediction requirements to support events in 
the Space Shuttle operations are established in (Chapter II. 


E. Existing and Programmed Facilities for Kennedy Space 
Center (KSC) and Cape Kennedy Air Force Station 
(CKAFS), Florida 

The existing facilities available for environmental support for the Space 
Shuttle at KSC and CKAFS are described in detail in Reference 15. A summary 
of the primai'y facilities required is listed in this document Chapter II, Section 
II, which also contains a map of the Wind System Network in the KSC and CKAFS 
areas. 


F, Existing and Programmed Facilities for Vandenberg 
Air Force Base (VAFB), California 

The existing capabilities in support of Space Shuttle Tests and operations 
at VAFB are described in detail in Reference 16. A summary of primary 
facilities required is listed in this document, Chapter n. Section II. A map 
and description of th.e Weather Information Network and Display System is 
presented in Chapter II. 


G. Natural Environment Support Concepts 

This document describes Space Shuttle natural environment service 
requirements and capabilities to meet known requirements. Although in some 
cases certain organizations are recommended to meet these requirements, 
these are intended only to specify possible solutions to begin a systematic pro- 
cedure to designate support organizations at an early date. It is recommended 
that a Space Shuttle natural envi->'onment support agreement be negotiated 
between NASA, NOAA, USAF, Navy, and other participants at an early date. 
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NASA (NOAA) atKl l^SAF have weather facilities available to support 
the Space Shuttle activities at KSC. The MSFC Aerospace Environment Division 
can provide natural environment support studies for design, mission analysis, 
diffusion, and other special activities. Normally, JSC controls manned vehicles 
from lift-off to (Jeorhit, The t.-mtrol for final approach and landing for the 
Orbitcr has not becii established. 

The fof-ecast facility at VAFB is capable of providing the natural environ- 
ment support for prelaunch, launch to orbit, and dcorbit to landing operations 
at V'AFB and IIAFB, California. Normally, AFSCS controls Air Force missions 
from booster separation to mission completion. Final approach and landing 
control has not been established. 

uiitially, natural cc' iromnent inforniation to and from the Orbiter will 
be provided through JSC, AFSCS, or otlicr communications center. After some 
o.xperienve, other direct conMcts with the Orbiter arc being considered for 
certain information not yet .^pc eified. 

"Flight Following ' should be used for all flights. This consists of a 
team of atmo.spheric specialists who anaiyze e\ory detail of the atmosphere to 
be encountered in the proposed flight path <ind continualh update their informa- 
tion and analysis as the mission progresses. Additional information continually 
becomes available and the progres.s of the rdsalon itself verifies aiKl assists 
in projecting information for tine remainder of the mission. 

Worldwide monitoring and forecasting for abort locations is necessary. 
Several organizations may have this capability. Global Weather Central, 

Offutt AFB, Nebraska, probably aceomplislies this on a routine basis. Coor- 
dination is neces.sarv to design.ate an organization for this function. 


SECTION III. DISCUSSION OF NATURAL ENVIRONMENT SUPPORT 
SERVICE FOR SPACE SHUTTLE DEVaOPMENT TESTS 


The .Space Shuttle vehicle and support equipment will undergo extensive 
testing. Some of the tests will require natural environnic. , support specifically 
for and unique to the tests or series of tests. Other tests will require support 
.similar to that required for future operations. In both cases, the expierience 
gained from the tests will be used in establishing the final operational 
requirements. 
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The nature of testing is such that changes are usually required and, 
while this document will make every attempt to anticipate requirements and 
specify facilities needed to measure and pi'edict the natural environment 
expected to be encountered, revisions and improvements are expected during 
the course of preparation and testing. 

Section in, Chapter.II describes each test and series of tests with a 
known natural environment interface arjl specifies the support required for 
successful test completion. 

The Space Shuttle Program schedule as it is currently known is shown 
in Table 2. 

For all tests in which -.he natural environment is a s^nificant factor, 
one must consider not only the environment at the test site but also the environ- 
ment in which the equipment will operate. For example, a test site in the 
desert may be adequate and desirable for tests, but subsequent operations at 
Cape Kennedy may invalidate fhe tests if ”sea air" causes the equipment to 
deteriorate. When stated, this appears so obvious as to be redundant, but 
numerous cases have occurred when tins was overlooked and extensive modifi- 
cations were required at the operating location. Also, all changes in the envi- 
ronment with location are not as apparent ; therefore, tests must relate to the 
natural environment at all operating locations. Pertinent NASA documents 
define the natural environment for all operating locations and the design criteria 
for space vehicle development [6, 8, 17, 18]. 

Organizations capable of providing required natural environment support 
at the test sites are as follows: 

1. Edwards AFB — USAF Air Weather Service Detachment. 

2. Mississippi Test Facility — Assigned technical support contractor 
and MSEC participation if needed. 

3. Kennedy Space Center — NOAA and USAF personnel and facilities 
are available at Cape Kennedy. 

4. Marshall Space Flight Center — NASA personnel and facilities are 
available at the test area. 

Natural environment support for tests at Canoga Park, Santa Susana, and 
Palmdale, California, should be provided by the organization responsible for the 
tests. Spc^cific natural environment test support requirements should be coor- 
dinated with support personnel well in advance of the requirement. In some 
cases special data may be required for postanalyses. 
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TABLE 2. SPACE SHUTTLE PROGRAM SCHEDULE 
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SECTION IV. DISCUSSION OF NATURAL ENVIRONMENT 
SUPPORT SERVICE FOR PHASE I 
EVENTS - PRELIMINARIES AND PRELAUNCH 


Preliminaries for the first fii{^hts will include considerable develop- 
mental testing. The preliminary events for which a standardized natural envi- 
ronment support service appears desirable are included here. Since the 
Orbiter is reusable, all events which occur after a landing from a previous 
mission are Included in the preliminaries and prelauiK:h phase for the next 
mission, except ferry flights which are considered in Section IX. All listed 
events may not occur during each sequence but the support must be available. 
The preliminaries are considered as events which take place before the booster 
and Orbiter are erected for mission launch. There are no firm lines between 
events and service for any one event may be available from service provided 
for other events, but for each mission sequence there must be a conscious 
effort to provide for service required so that lead times are properly antici- 
pated and milestones are successfully achieved. Events may I'ange from a 
decision to proceed or to alter or cancel the mission because of a condition of 
extreme emergency. By meeting the requirements for each event, the natural 
environment service support is expected to develop into a smooth-flowing, 
available, service operation which can be applied as needed for the success 
of the mission. 

The Phase I events for which natural environment sendee is specified 
are listed in the Table of Contents and are discussed in Section IV, Chapter n. 
Events 1 through 3 are generally considered in preliminairy events but some of 
them must also be considered in prelaunch. Events 4 through 9 are milestones 
in the prelaunch countdown. Generally this support is patterned after experi- 
ence gained from Saturn V-A polio missions (19) and is expected to be revised 
as the Space Shuttle is developed and tested. 


A. Preliminaries 

The preliminaries are considered as events which may take place at 
any place in the world, although generally within the 50 states. 

The surface extremes which must be considered are described in 
References 6 and 17. Referem;es 20 and 21 describe the toxic fuel hazards. 
Section n and References 6 and 17 provide the background necessary to meet 
the st 4 >port requirements in Events 1 throti^h 3. 
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B. Prelaunch 


The prelaunch events 4 through 8 are a series of countdcjwn events in 
which a hazardous environment might cause delays or serious damage. Event 
7 requires an advance prediction for the entire mission. 

Events 4 through 8 are based on experiences which were encountered 
in Saturn «nd other countdowns. However, the environment service is expected 
to be more exacting for the Space Shuttle mated v#‘hicle. The operational 
vehicles are expected to be on the launch pad omy a few days, but test vehicles 
may be on the pad for several months. The unique support reqiirements to be 
considered during this period are as follows: 

1. The wind profile from the surface to about 91 m is required. 
Observations for this profile are required from a meteorological tower near 
the launch complex. Also on-pad measurements, nea^ the top and base of the 
vehicle are minimum requirements. Predictions must be made for the entire 
preparation period. The extreme conditions expected are available from 
climatological records. Continuous predictions up to 72 hours must be made 
so that orecautions can be taken if certain limits are expected. 

2. The temperature profile from fee surface to about 91 m is required. 
The basic profile from sensors on a meteoi ological tower are required, and 
additional measurements are needed from the surface of the vehicle to compute 
vehicle bending (due to thermal stresses) ; and temperatures are needed from 
inside the vehicle for compartment and equipment temperatures. 

3 . Measurements must also be made of humidity and other impurities 
which may cause deterioration of equipment used repeatedly. 

4. Items associated with storms must also b*" . . ' Uored and predicted. 
Storm radar is required for short-term predictions ■ up to 3 hours) for s*orr.is. 
Specific items to monitor and predict for storms are winds, nail, electrical 
potential, precipitation, and cloud cover. Data obtained via satellite are 
required to help interpret sto::m movement and intensity. 

5. Operational sea e.;'Ate or wave energy forecasts for the SRB recovery 
areas are made routinely by the Fleet Numerical Weather Central at Monterey. 
These forecasts should be available from approximately 36 hours before launch 
until the solid rocket boosters are recovered. 


\ 
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In Kvont 7, decisions to launch arc made continually, based partially 
on the complete sptictrum of environmental information for which this document 
establishes the requirement. There will be certain milestones throughout the 
mission when this decision will be reviewed. At that time all items in this 
document for which some foresight is available sho.'.ld be presented. Particular 
emphasis must be placed on all items which will be critical prior to the next 
review period. Some decisions will irrevocably commit certain events. The 
predictions for these events must be carefully prepared and clearly presented. 
Although the Space Shuttle is planned to become a routine operation, the deci- 
sions to prciceed with each phase must guard against apathy and such checks 
should be included in tlie standardization procedures. Automatic warnings and 
safeguards must be built into the system to prevent proceeding until all natural 
environment items have been considered. 

The natural environment requirements for mission abort. Event 8, 
must be satisfied before tlie decision to launch is made. For the once-around 
and return to launch site (RTLs) aborts, the landing requirements are the 
sauie as those listed in Section vn. Since emergency landings at other loca- 
tions might be considered, for example at EAFB, it would be necessary to 
know the status of these airfields prior to launch. 


SECTION V. 0 1 SCUSSION OF NATURAL ENVI RONMENT SUPPORT 
SERVICE FOR PHASE II EVENTS - LAUNCH TO ORBIT 


The natural environment for the launch-to-orbit phase must be well 
understood when the final decision to launch is made. The operations events 
which interface with the natural environment and the means of providing the 
required service are detailed in Chapter II of this document but they are 
summarized here. The four groups of events are listed in the Table of Con- 
tents. Events 1 through 3 involve the lift-off and lower atmosphere flight. 
Events 4 through 6 involve the transition portion of the flight (above 7 km). 

I' vents 7 through 11 involve the booster flight and recovery. Events 12 through 
14 involve the Orbiter flight into earth orbit and disposal of the external tank 
( ET) . The service requirement is based on Saturn V-Apollo experience and 
it is rspected that much more knowledge will be gained during Space Shuttle 
development tests. 
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A. Lift-Off and Low Atmosphere Flight 


] 


Events 1 through 3 require observation, analysis, and prediction of the 
lower atmo^here (iq> to 7 km) as it involves the Space Shuttle. In addition to 
routine data, the following unique support requirements must be considered: 

1. The detailed wind, temperature, and humidity profiles from the 
surface to approximately 91m are required and will be measured from sensors 
on a meteorological tower located in the launch conq^lex. In addition, it is 
necessary to have wind sensors on the launch tower to monitor the effect of the 
wind on the vehicle and the booster exhaust cloud. 

2. The wind and temperature profile from the surface to about 27 km, 
obtained from weather charts and from rawinsonde and FPS>16 radar/jimsphere 
observations, are required. Winds up to 3 km are required for pollution con- 
trol and up to 6 km for acoustic propagation. 

3. Special equipment is required to obtain information of the electro- 
static potential between the earth and the atmosphere. 

4. Aerial reconnaissance of cloud conditions should be available and 
used as necessary. Very high level reconnaissance firom U-2 type aircraft, 
AWARS, satellites, or other means with sensors telemetering data and trans- 
mitting pictures to the control center may be desirable. 

5. Since the MSFC multilayer diffusion model will be used for exhaust 
cloud predictions, the capability to acquire all input parameters is required. 
Generally, detailed information is needed on winds, temperature, humidity, 
and rain in and surrounding the launch area. 


B. Transition Flight 

Events 4 through 6 require detailed analysis of the atmosphere for the 
transition portion of the flight. The following unique support requirements 
must be considered: 

1. Winds, specifically from near the surface to about 18 km, are 
required in as much detail as possible to predict the effects of maximum 
dynamic pressure, transonic flight, and any wind shears over the length of the 
vehicle. The FPS-16/jimsphere is recv^gnized as the required system to obtain 
detailed wind information in this region. 
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2. Although the asoent vehicle reaches maximum dynamic pressure 
(max q) near 11.25 km, it is within 10 percent of max q from about 5.8 km 

( 19 UOO ft) to 10.5 km (54 000 ft) altitude. It is expected to be quite sensitive 
to wind Jirection and speed in this region but the criteria limits have yet to be 
determined. 

3. Booster and Orbiter separation (about 41 km) may demand wind/wind 
shear requirements for test flights. Details are not yet known. 


C. Booster Trajectory, Descent and Recovery 

Kvents 7 thi'ough 1 1 require as much information as possible about the 
atmosphere from separation to booster apogee and to the surface. The return 
trajectoiy and impact location must be determined prior to launch. In addition 
to mutine data there are unique sup()ort requirements to consider: 

1 . The booster recovery vessel is ex|H*cted to be on recovery station 
about (5 hours prior to launch. During the prelaunch period complete marine 
weather surface observations including sea state and mast height wind speed 
and direction are desired each hour. The ship should have a capability to take 
upper air wind observations ( PIBALS) to 3000 m ( 10 000 ft) , or to cloud base 
height, and take at least one PIBAL observation prior to launch if requested by 
launch-support officials. 

2. Aerial reconnaissance should Ixi available for use in marginal 
situations, for determining wind drift, severe weather, clouds, sea state and 
atmospheric turbulence, to augment other sources if necessary. 

3. The horizontal drift of the boosters on impact may be critical. The 
limits of horizontal drift speed and, in turn, the maximum wind in the lower 
150 m of the atmosphere are yet to be determined. Wind may be determined 
either from sea state observed from satellites or from weather buoys positioned 
in the area which will transmit metcorolc^ical and sea state conditions. 

4. Meteorological and sea state observations from satellites, buoys, or 
radar-scanning' on a test basis should be started as soon as possible. The 


1. The Sk>'wave radar-scanning technique is being developed by NOAA* s Wave 
Propagation Laboratory. 
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earl>’ start will not only provide information to begin a climatic history of 
expected conditions but also determine the optimum procedux'e tor collecting 
the dat i for recoixi and real-time purposes. 

5. While the present coucep; ‘’s that a Space Shuttle launch will not be 
delayed because of unfavorable conditions in ihe booster impact area, the 
obsen'ations are required for safety of tlxe recover>’ operations. Recovery 
capability is for sea state 4 n aximum. 


D. Orbiter Flight and Orbit 

Kvents 12 through 14 need space environment information. Because tnis 
is a new activity' with only limited mamied space travel for experience, all 
possible support requirements must be considered carefully: 

1. Natural environment data needed for aborts must be available prior 
to launch (see Section IVB). 

2. After transition to space flight, needed information might include: 
density at altitmles of low earth satellites, variations of geomagnetic data from 
a magnetometer network, electron densities in the ionosphere, high enoi'gj,' 
protons and secoiulary neutrons and protons, and solar optical and solar radio 
telescope data for measurements of solar activity. It is anticipated that s|x>ce 
observations will provide much improved space data over those presently 
available from ground stations. 


SECTION VI. DISCUSSION OF NATURAL ENVIRONMENT 
SUPPORT SERVICE FOR PHASE ! 1 1 
EVENTS - ORBIT MANEUVERS AND OPERATIONS 


The natural environment for space oi>orations for low earth orbit satel- 
lites must be continually moniiored for known ! .izards such as effects of solar 
activitj', meteors and meteorites and also because of lack of experience for any 
unknown, unforeseen or unanticipated hostile environment. The events are 
listed in the contents. The NOAA oi»crated Space Envii'onmc-nt facility at 
Boulder, Colorado, in coordination with the AWS Aerospace Environment Sup- 
port Center at Offutt AFB, Nebraska, is available to provide Natural Environ- 
ment support for Space Shuttle apace operations 
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PInnninsj for iho natural envin>nmcnt supiMui for mission payloads and 
experiments is a responsibility of payload manai^ers as Space Shuttle missions 
are c'om'cive<l. It is recommended that payload managers specify and cooi*dinate 
s|>coial mission ref|uirements with the natural envintninent sup|K>rl personnel. 

The Flight Operations Planning Group ( FLOP) at JSC plans to publish a 
handbook for mission fW'load managers for guidance in planning mission pay- 
load support. Supp«M'l for miiiUiry missions may lie coordinated through the 
Air Force Satellite Contn>l Facility (AFSCF) at Sunnyvale, California. For 
Joint missiims, coordination and agreement for necessaiy support as far in 
advance as possible is advisalile. 

A known situation that must be <'«»nsidere«l f«>r those payloads that will 
be left in orbit ami retrieved sevei*al numths later Is that the payload must Ik; 
in a retrievabU; «»rbit when scheduled for pickup. The orbital decay must be 
predicted with sufficient accuracy so that pickup may be accomplished in con- 
junction with other scheduled missions. 

A most unique requirement of the orbital environment dictates *’a con- 
timion"< watch for the unusual.” Admittedly, experience in orbit:il environment 
cannot be gaine<J until more of n has been cnctHintcred. Therefore, <*onlinued 
vigil-n<*c for harbingers for Uu* unusual may avert serious situations. Some 
harbingers that may fall into this calegorx arc: 

1. The solar activiiy .-•m; its effect- .»n the space environment must be 
monitored by s<>lar and nidio telescopes Ivnh on earth and from manned or 
unmanned salellitos. 

li. Activiiy in the ionosphore can be monitored with a vertical-incidence 
ioiv>sMhcri<- soundci determine, as a finiclion of frequency, the virtual 
heights a!(d electron densities of reflecting layers in the ionosphere up to the 
layer <u maximum . lectron density { Fj la3‘er) . 

j. Solar particles car be detecied with a neutron monitor to detect 
high-onergy solar protons (ai)out 40U Mev) and secondary neutrons and protons. 
A riometer can be used to detect slower nmving low-energy particles ( 50 Mev) 
which arriv(* .ii>out 4 hours after the hig5;-energy protons. 

4. Measurements of variations t.i geomagnetic data from satclUte data 
or from n magnetometer uclwerk. 

r>. Density variations at orbital altitudes. 


:\2 



K 



(t. Any inrrense in ratlialion fr«»m naliiral «*r man-made sources may be 
hazardous and require imme<liale return to earth. 

Various activities in the uriiital environment might require different criteria 
for each of the above items but each of them must be monitored and predicted 
for each event and limiting criteria must i)e established. 

Additional discussion of the near-earth space environment and its effects 
on space operations is included in Reference 22. 


SECTION VI I. DISCUSSION OF NATURAL ENVIRONMENT 
SUPPORT SERVICE FOR PHASE IV 
EVENTS - DEORBIT, ENTRY, AND LANDING 


Under the present mexJe c^f openition the Orbiler is committed a 
specific landiti!^ site (and perhaps even a specific runv/ay) upon tlie decision to 
deorbit. Furthermore, it is constrained from flight through thunderstorms, 
icing, and perhaps rain of moderate or heavy iiitensity. While no ceiling 
visibilitA" constraints have been specified, it is unlikely that landings during 
Instrument Flight Rules (IFR) conditions will be permitted for the first few 
test flights. Also, it appears that wind profile information below 24 km (8UK 
ft) will be required. 

Considering these atmospheric constraints, the inflexible flight plan, 
and the time interval between Orbiior landing ami deorbit decision, it is apparent 
that extensive, current natural environment data will be vital to the decision to 
deorbit. A hypersonic glide profile reentry is described in Reference 22, pages 
:U) and ;il, ami meteori)logicaI measurement requirements are pi'oposed there. 


A. Deorbit to 122 km (400 000 ft). 
Events IV-1 and IV-2 


The decision to deorbit require.s a guaranteed suitable landing site. 

Other atmospheric data such as density along the entry path should be provided 
as posible using available density models (i.e. 4D Global Reference Atmosphere) 
with appropriate solar activity inputs. 
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B. Entry Events IV-3 and IV-4, 122 km (400 000 ft) to 
24 km (80 000 ft) 


This inotiidos cotmmtnioalittns blacki>ut wltirh etuis between -4i5 km 
( 150 000 ft) and 27 km (90 000 ft). Current pltinnin^ indiealcs that in exeep- 
iimtal silualiims a landing runway ehann;e eould be made at blackout end. 

From SO km ( 2(>0 000 ft) to (50 km ( 195 000 ft) altitude the vehicle will 
experience maximum heating due to atmospheric density and density' gradients.. 
Entry from high inclination missions may require long duration flight at near- 
constant altitude and at high latitude. The targe hi>rizonlal density gradients 
sometimes found in these regions may present Orbiter heating and trajectory 
problems. While there are insufficient d;ita for current analyses from infre- 
quent and widely spacetl rocketsonde observations a realistic global atmospheric 
mtulel for simulations is av.ailable. Special rtx'ketsonde observations might be 
desirable in some cases for the Shuttle flight test program. 


C. Entry Event IV-5, TAEM, 24 km (80 000 ft) to 
3.6 km (12 000 ft) 


The wind profile for this phase may be determined from speeiiil I'awin- 
sonde observations taken as near deorbit time as data evaluation and communi- 
cations permit. It may be necessary to install special communications facil- 
ities to insure immediate transmission of the wind d:ita to the Orbiter. 

Aerial reconnaissance and weather i-adar information to detect and 
repi>rt severe weather, critical turbulence, rain, and icing may be necessary. 
While the means of observing these phenomena are available, the spee<ly col- 
lectimi, evaluation, and dissemination to the user may require special commu- 
nication facilities. 

D. Entry Event lV-6, Autoland, 3.6 km (12 000 ft) 

to Landing 

While it is still necessaiy to avoid certain atmospheric hazards (see 
constraints listed above) , it is not possible to make major changes in the 
flight plan during this event. Ground-based weather radar and visual observa- 
tii>ns might be used to avoid hazards in emergency situations. Terminal 
weather conditions such as ceiling height, visibility, wiuu ilirection and speed, 
altimctt'r setting, etc., are required information for all landings. 





I 


Microwave Uinding Systems (MLSs) are planned fur KSC, EAFB, VAFB, 
liickam AFB, Hawaii, and Anderson AFB, Guam. 

SECTION VIII. NATURAL ENVIRONMENT SUPPORT 
SERVICE FOR ORB ITER FERRY FLIGHTS 


Orbiter ferry flijiht events are listed in the contents* and, while execution 
of each flight will be si»uilar to an airenift flight, the preparations and asso- 
ciated support will be more critical. Flight criteria are yet to be determined 
but are e.\pected to be more restrictive than aircraft flights. Ot'.e orgTinization, 
such as the .Air Weather Service r.lobal Weather Centeral (GWC) , should be 
charged with natural environment forecast and flight-following suppori for ail 
Orbiter ferry flights. En route support facilities are expecttHl to be military 
air bases which will follow procedures ai cording to GWC instiMctiiuis. 

The first event eiaaunpa'^ses all preliminary planning up to the first 
flight, which includes the elimalok'gv study requirements in selection of the 
best en route locations ( some of which have already been dvme) , and otlier 
preparations, up to the in-flight forecast. The climatological studies are being 
performed by Marshall Space Flight Center. Criteria for ferry flights are not 
known ImU it is cxpcctiHl that any degree of icing or tux'buiencc will be avoidid. 

The Clight support required is listed in Events 2 through 4. Flight 
following as described in Section IIG should be used for all ferry flights. 

Event 5, vortex predictions and life historj', is unique. The process is 
under study by the F.\A ahhough it is well understood now for individual (;;ises. 
The vortex life hislorv for single flights is predictable so that other aircraft 
ean be advised of the wake drift and it may be avoided for the 3 to a min liic- 
tiinc. The formation strengtii of the wake vortex is a function .if aircraft weight 
( lift) and speed while the life history is a function of atmospheric conditions. 
Wake vortices from tlie complex carrier-Orbiter configuration have not been 
studied. Wake avoidance is easily accomplished with proper precautions. 

Wake vortex pretlictions for ail take-offs and landings are required, following 
FAA accepted procedures. 

Event 6 is a general requirement for ground precautions and may 
be accomplished lU conjunction with ground security, but there must be na.ural 
environment considerations in ground security precautions. 
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CHAPTER II. DETAILED NATURAL ENVI RONMENT 
SUPPORT REQUIREMENTS 
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SECTION I 


INTRODUCTION 


Chapter n lists and describes each test and operational event of Space 
Shuttle development and operations that has been identified as requiring natural 
environment support. Each event is identified as to the importance of natural 
environment support to the success of that event ( inconvenience, caution, or 
safety) . Types of natural ei. ronment support or methods of providing it are 
suggested and this support is identified as "required" or "desirable." 

Natural environment support is such that measurements and predictions 
often meet several requix'ements. However, the natural environment product 
must be communicated and interfaced with each requirement. Each event is 
identified separately to assure adequate planning to meet each requirement. 
Judgments can often be made safely to forego some detailed support but these 
judgments must always be made consciously based on other supplementaiy 
information. The support described herein is designed to obtain optimum 
information for marginal situations. 

Section II lists existing and programmed natural environment support 
facilities for KSC, Florida, and VAFB, California. 

Section III iistt events for development tests, while Sections IV through 
VII list events for the four operational phases of a complete Space Shuttle 
mission. 

Section VIII describes the natural environment support requirements for 
Orbiter ferry flights. 

In this chapter specific environmental parameters are identified for 
observation and/or prediction, as a function of various test and operation 
phases, to meet the Shuttle natural environment requirements currently identi- 
fied. No statement of requirements for accuracy is given. A statement of 
accuracy is premature at this state of the operational si^port development 
cycle. In each case it now appears that currently available "state-of-the-art" 
capabilities in observations and predictions will be adequate to meet the Space 
Shuttle system support requirements. In no case is it expected that a new 
environmental measurement system or prediction procedure/technique develop- 
ment for dedicated Shuttle support will be required. Rather, it is a matter of 
bringing together into a properly designed environmental support program, with 
the appropriate communications system, the available "state-of-the-art" tech- 
nology. Asa rule the more demanding requirements on accuracy or represent- 
ativeness of environmental supixort exists for those items identified with safety 
and noted as being required. The least demand is on those identified with 
inconvenience and noted as desired. 
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SECTION II. EXISTING AND PROGRAMMED NATURAL 
ENVIRONMENT SUPPORT REQUIRED 

A. Support Required for Kennedy 
Space Center, Florida 


Type of Facility* 

<nstallad or 
Programmed Date” 

Requirement 

Phase'’ 

Remarks^ 

WejithfM Surveillance 
Radar FPS-77 

Inst. (370 km (200 mi) 
raitgel 

MI,IV FF 


CBand Tractcin, 
Hadar. AN/FPS 16 

Inst. 

II.IV 

Jimqphere Upper Air Wind System. 

M'^teorotogical Mees* 
iirement Equipment. 

Wind Meastirements 

Surface 

Tower 

Upper Air 

Wind System 

Network 

*r»st. 

Inst. 

Inst. 

Inst. 

OT,l,M,IV.FF 

OT,l,ll 

150 m Tower Imt. 

Rawtnsonde and Jimsphere/FPS*16 

See Figure 6 

Ceilometer 

Ins* 

DT,II,IV,FF 


CImid Height Set 
GMR 13A 

Inst. 

OT.I,ll 


Tiansmtssometer 

Not Programmed 

dt.ii.iv,ff 

Other instruments mey be 
substituted. 

Barometer 

Inst. 

DT,H IV,FF 


Thermometers 

Standard 

Runway 1 

Inst. 

! Ikiknown 

DT.I,II 

IV.FF 

The runway for Space Shuttle 
operations is under construction 
and the status of runway instru- 
mentation is not available. 

Rocketsonde 

Inst. 

DT 


Electric Field 
Measuring System 

Inst. 

DTJ.II,IV 


Weather Satellite 
Readout 

Inst 

DT.I,IMII.IV,FF 

Required es input for synoptic 
weather essessment 


a. For additional facilities sae Referertce 15. 
h Inst. - Installed. 

c. DT - Development Ten, I - Prelaunch, II - Launch, III - On Orbit, IV - Landing, FF - Ferry Flights. 

d Level II Program Definition and Requirements, Vol. IX, Ground Operations Requirements. 

JSC 07700, NASA, JSC, Houston, Texes I not published). 
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B. Support Required for Vandenberg AFB, California 


TyiMof FacHity* 

Installed or 
Programmed Data^ 

Raquiramant 

Phase® 

Remarks^ 

C'Band Tracking 



Jimsphera Upper Air Wind System. 

Radar AN/FP$>16 

Inst. 

II.IV 


Waathar Survailtanca 

Imt. (370 km (200 mi) 

UMV FF 


Radar. FPS-77 

range] 



MataorologiGal Maas* 




uramant Equipmant: 




Wind Maasuramants: 


DT,I,II,SV,FF 


Surfaca 

Inst. 



Tower 

Inst. 


91m (300 ft)Towwlnst 

Upper Air 

Inst. 


Rawinaonda and Jimsphara/FPS-16 

Wind System 

Inst. 

* 

VAFB 

Network 


DT,I,II 

Sea Figure 7 

Caiiomatar 

Inst. 

DT.II.IV FF 


Cloud Haight Sat 




GMR-13 

Inst. 

DT.I.II 


Transmissoinatar 

Inst. 

OT,ll,IV FF 


Baromatar 

Inst. 

DT,II,IV FF 


Tharmomatars: 




Standard 

Inst. 

DT.I.II 


Runway 

Inst. 

IV.FF 


Rockatsonda 

InsL 

DT 

Pt. Mugu (Navy operated] 

Waathar Satallito 



Required as input for synoptic 

Readout 

Inst 

DT,l,il,lll,!V,FF 

weather aaaasament. 


•. For detailod capabilitiot at Vandanberg AFB, tat Rtfarenca 1$. 
b. Inst. - Instaliad. 

a. DT - Davatopmant Tatta» I - Pralaundi, II — Laimali, III ^ On Orbit, IV — Landing, FF «« Farry Fli^ta. 

d. Laval II Frogrtom Dafinitlon and Raqitiramants, VoL IX, Ground Oparationa Rtqu ir a nta n U . 

JSC 07700, NASA, JSC, Ho u ston, Taxas (not pubHdiadL 
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Figure 7. Vandenberg AFB weather facilities 
( taken from Reference 1(>) . 
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SECTION III. OEVaOPMENT TESTS 


Test Event 1 


Natural Environment Interfoce Requirements 


B Solid Rocket Boosters 
Test Firing: 

Acoustic Prediction 
Tests 


Observations ; Surface: Pressure, temperature, 
humidity and wind obseri*ation8 are required near 
die tests. 


Aloft: Winds, pressure, temperature and humidity 
profiles from the surface to 6 km are required prior 
to firing tests and as near the time of test as 
possible. 


Also Operations 
Event n-2 


Predictions : Predictions of items listed under 
observations and predictions ol acoustic propagation 
are required prior to test firing time. 


Communications ; No special requirements. 


Comments ; Observations and predictions may be 
required at frequent intervals beginning several 
hours before test time. 


Code: □ Inconvenience B Caution X Safety 
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Tost Kvcnt 2 

Natural Environment interface Requirements 

K) snn Slntic Firing, 
Polliilion Protiiolion 
Tests ( Ab.'itement 
and Control of 
Impurities) 

Ol)servanons: Surfnro; Mirro-wiiuls surface to 
ir>00 m atiilluie, temperature and humidity pn»filc 
to 1500 m altitude are re<)uiretl. 

Aloft: Wind anti teniperature profiles from the 
surface to 3 km altitude are required prior to 
tosis and as near the time of tests as possible. 


Exhaust velocities and temperature desiral»le. 
Precipitation radar eoverajre during; the life- 
history of the exhaust cloud .s roquirwl. 

Also 0|x> rational 
Event II-2 

PretHctions: Predictions of items listetl under 
observations ami a preiliction of the exhaust cloud 
path and concentration levels for up to 2 lunirs 
after firing: are required, or until the diffusion 
model shows predicUnl concentrations < (Till)) 
ppm. 


Precipitation prmiictions in the vicinity of the cU od 
arc rcquii\*ti. 


Communications; No special requirements. 


Comments: A trace capability of the exhaust cloud 
may be lequireti by cameras or a traceable in^tre- 
ctient inserted in the exhaust. 

1 

MSFC multilayer diffusion motlel will be useti to 
make exhaust cloud predictions. 

1 
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Test Event 3 


Natural Environment Interface Requirements 


B SRB Recovorj' TcJ^fs Observations ; Surface: Clouds, WsibiUty, pres- 
sure, lemponiture, humidity, and wind; wind 
profile from surface to drop altitude ( may vaiy for 
each test) observations for recoverj' zone are 
required for 6 hours prior to tests until recovery 
is complete. 

Sea state observations are also required for this 
IK'ritnl. 

Also Ot>crational PrtHlictions : Predictions for all items listed under 

Ev'ent U- 1 1 observation are required from 6 henn s prior to 

tests to test completion. 

Communications ; Two-way transfer of data 
between test control and recoveiy operations is 
required . 

Comments ; Special sea state observations may be 
desirable from buoys . satellites, or special 
nidars. 


Code: □ Inconvenience B Caution X Safety 
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Test Event 4 


□ SSME Test Firing 
Test Only 


Code: □ Inconvenien 
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Test Event 5 


Natural Environment Interface Requirements 


X Orbiter Atmospheric 
Flight Test ( AFT) 


Test Onlv 


Ctoscrvations ; Surface: Pressure, temperature, 
humidity, winds, clouds, visibility, and hyd’*o- 
meleors for test period are required . Also runway 
temperatures may be required. 

Aloft: Winds, temperature, clouds and other 
information for aerospace flight are rettuired. 

Aerial reconnaissance of the test flight path is 
required. 


Predictions: Predictions for aU parameters listed 


under observations prior to and during tests are 
.•eq»..i ed. Flighl following during all tests is 
requi :*ed. 


Predictions for aircraft icir,;.; and cri; cil turbulence] 
(CT) re required. 

Communications: Two-wav c< inmuniv-ations betweenj 


the flight vehicle and flight Cf‘;Urol is require d. 

Comments: See Table 2. EAFLJ and Cape 
Canav iral Air Force Station have the capabiliU- to 
support these tests conducted at their locations. 
USAF-AWS should be notified of suppurc require- 
ments and test plans. 

Monitoring of atmospheric conditions during tests 
will be desirable for analysis of test results. 


Code: 
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Natural Environment Interface Requirements 


Test Event 6 

X Orbiter Vertical Observations ; See Comments 

Flight Tests (VFT) 
and Atmospheric 
Entry Tests ( May Be 
Manned or Unmanned) 

Also Operational Predictions ; See Comments 

Event n-1 


Communications: See Comments 


Comments; VFT will be conducteri at KSC 1978 
and 1979, see Table 2. 

These tests may be a complete mission under test 
conditions, in which case all support will be the 
same as that required for an operational mission. 
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Natural Environment Interface Requirements 




Test Event 7 


Orbiter Wake Vortex 
Detection and life 
History Prediction 


Observations: 


None 


Also Ferry Flight 
8.2.4 


Predictions : Vortex formation and life history for 
Orbiter landing: will use FAA vortex prediction 
procedures when required. 


Communications: No special requirements. 

Comments : If vortex predictions are not available 
nor reliable, the Orbiter wake should be avoided 
for 5 min. 

Wake vortex detection and prediction should not 
present a problem since no other aircraft is 
expected to land behind the Orbiter. 


Code: G Inconvenience (S Caution X Safety 
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SECTION IV. PHASE I EVENTS - PRELIMINARIES 
AND PRELAUNCH 


Operation,' Event I- 1 

Natural Environment Interface Requirements 

□ Storage of Equipment 

Cfcservations: Temperature, temperature change, 
compartment temperatures, and absolute humidity 
are important. Special observations may be 
required in assembly and storage areas. 

PrediCiions: Climatology- information is required 
and provides information on which to base storage 
decisions. 

Predictions of hydrometeors, lightning and items 
listed tnder observations are requi 

Communications: No special requirements. 

Comments: The types and concentrations of atmos- 
pheric impurities and constituents and their inter- 
action with equipment are important. 

In outside storage, protection from hail and other 
hydrometeors is necessary. 


Code: 
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Operations £vent 1-3 

Natural Environment Interface Requirements 

IS Air Transportation 
of Equipment 

1 

i 

1 

i 

... 1 i 

Observations: Normal observations in support of 
air traffic are required. 

Predictions: Predictions for the time of the flight 
plus 2 hours (about 6 hours) are require*! for all 
items listed under observations. 

Communications: Normal in-flight communications 
are adequate. 

Comments: Special precautions are required to 
accommodate unexpected changes in pressure, tem- 
perature, and humidity. Sealed compartments must 
be able to withstand pressure changes between high 
and low elevations, buildup from increased tem- 
peratures, and condensation resulting from 
decreased temperatures. 


Code: □ Inconvenience IS Caution X Safety 


ASfil-Ol Mul 74) (OT) 




53 




Natural Environment Interface Requirements 


Operations Event 1-4 


B Orbitcr Preparation 
and Tow to Vehicle 
Assembly Building 


Observations ; Normal terminal weather observa- 
tions and weather radar if needed. 


(VAB) 


Predictions ; Normal terminal weather predictions. 

Communications; No special requirements. 

Comments ; At present this is not known to present 
any significant environmental problems but is 
included in the event that high compartment tem- 
peratures or severe weather may present special 
problems. ' 


Code: □ Inconvenience B Caution X Safely 
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Operations Event 1-5 

Natural Environment Interface Requirements 

E) Orbiter ( with ET and 
Boosters) Transfer 
to Launch Pad 

1 

Observations: Surface: Micro-winds from the 
surface to m altitude from a nearby meteoro- 

logical tower is required. 

Weather radar is desired. 

Predictions: Accurate predictions of wind and 
tcmiierature from the surface to 150 m altitude 
continuously for up to 6 hours in advance is 
required. 

Hydrometeors and severe weather predictions are 
required. 

Communications: No special requirements. 

Comments: VAFB may have unique wind require- 
ments due to the long distance and rough terrain 
involved. 
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Oi)er:itions Event I-G Natural Environment Interlace Requirements 

H Prolaunch Pi'opara- Observations ; Surface: Mirco-winds surface to 
tions and Exposure ~91 m altitude, temperatures, skin temperatures, 

( Fuel, Payload compartment temperatures, humidity, hydro- 

Service, Passenger meteors are required , 
and Crew Loading) . 

Storm observations including electric potential 
and hail are required . Storm radar observations 
are required . 

Predictions ; Predictions for all items under 
observations are require d for the entire time ot 
vehicle exposure. Special predictions should be 
made for certain operations such as electric 
potential during fueling operations. 

Commimications ; Normal communication'' are 
adequate. Telemetered surface observa' is with 
warning signals at established criteria would be 
desirable. It should be possible to change the 
warning c ,Heria easily for short periods. 

Comments ; In addition to the continuous predictions 
for exposure, special events will require more 
detailed forecasts for special criteria at times 
when the vehicles are more vulnerable. 

The micro-winds are necessary to predict vehicle 
response to ’’ground winds” effects. Special wind 
measurements near the vehicle at the launch 
complex may be desirable. 
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Oporativ^ns Event 1-7 

Natural Euvironment Interface Requirements 

X Decisions to Launch 

1 

! 

Oijsorvations: Surface: Micro-winds surface to 
150 m altitude, temperatures, clouds, visibility, 
hvdromcteors, electric iHitential, abort, and 
alternate site data are required. 

Aloft: Detailed winds, temperature, humidity, 
pressure and density (surface to 18 km altitude) , 
CT, rial reconnaissance are required. Radar 
observations are required. 

Predictions: Predictions for all items listed under 
observations are required ''s far in advance as 
possible. 

Pre<lictions of acoustic prcpagati m, exhaust dif- 
fusion, weather in the booster re- ovecy area, all 
potential alternate and abort sites, .and sclar 
activity are required. A long range prefliction of 
Orbiter reeovei-y site weather should be considered. 
Requirements start 7.1 hours in advance and con- 
tinue until launch. 

Communications: Special communications with 
forecast and observed data telemetered to the 
launch controller. 

Comments: The launch decision will be continually 
revalidated during the final 72 hours. Gathering 
data is repeated oi. critical items each time the 
decision requires revalidation. 

Environmental information applicable to the entire 
mission should he reviewed at this time. 
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Operations Event 1-8 

Natural Environment Interface Requirements 

X Mission AlM>rt 
Preignition 

b. From Loss of 
One Orbiter Main 
Engine or One 
SRB 

c. With One SSME 
Out to Abort Once 
Around or Return- 
To-Site Capability 

d. Abort After 
Insertion 

j 

Observations: Observations of terminal conditions 
for abort locations are required continually 
throughout the mission from decision to launch to 
landing. Locations will be established for each 
mission. 

Predictions: Predictions for entry path and for 
abort locations are required continually throughout 
the mission for items necessary for entry and 
landing. 

Communications: Communications are required 
for real-time monitoring of the natural environ- 
ment for occurrences which may indicate that 
launch abort or hold is advisable. 

Comments: Launch abort recycles the environ- 
mental requirement back through the exposure and 
pralaunch events. 

The four operational conditions r/hich dictate dif- 
fering abort procedures have been idantified. 
Environmental support for abort should be included 
in mission launch requirements to be available 
prior to an emergency. 

The natural environment support for mission abort 
contingencies requires continuous anticipation of 
emergencies and continuous predictions to be avail- 
able and stored. If conditions do not meet abort 
requirements, this information should be in the 
system before the emergency develops. 

1 1 
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SECTION V. PHASE 1 1 EVENTS - LAUNCH TO ORB IT 


Operations Event II- 1 

Natural Environment Interface Requirements 

X Booster and Orbitcr 
Ignition, Lift-Off and 
Tower Ciearance 

Observations: Surface: Micro-winds surface to 
m altitude, temperatures, pressure, elec- 
trical potential are required. 

Predictions: IVo-hour predictions of items listed 
under observations are required. 

Communications: Telemetered surface observa- 
tions to the launch controller are required with 
warning when established criteria are exceeded. 

Comments: These events are an irrevocable 
sequence and the natural environment effects will 
have been previously considered. 

- 
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Operations Event II-2 


Natural Environment Interface Requirements 


□ Environmental Effects 
of Launch 

( Pollution Control and 
Noise Abatement) 


Observations : Surface: Micro-winds surface to 
150U m altitude and temperature and humidity 
profile to 1500 m altitude are required. 


Aloft: Wind and temperature profiles from the 
surface to 3 km altitude are re quired prior to 
launch and as near the time of launch as possible. 


Exhaust rclocities and temperature desirable. 
Precipitation radar coverage during the life history 
of the exhaust cloud is required. 


See Test Events 1 Predictions : Predictions of items listed under 
and 2 observations and a prediction of the exhaust cloud 

path and concentration levels for up to 2 hours 
after firing are required, or until the diffusion 
model shows predicted concentrations < (TBD) 
ppm. 

Precipitation predictions in the vicinity of the cloud 
are required. 


Communications; No special requirements. 


Comments ; A trace capability of the exhaust cloud 
may be required by cameras or a traceable ingre- 
dient inserted in the exhaust. 


MSEC multila> er diffusion model will be used to 
make exhaust cloud predictions. 


Code: □ Inconvenience 23 Caution X Safety 
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Operations Event II-3 

Natural Environment Interface Requirements 

E) Ascent, Boosters and 
Orbiter Mated 
Subsonic 

i 

_ __ _ 1 

Observations: Continuous monitoring of electrical 
potential is required. Detailed wind profile sur- 
face to 18 km altitude is required. Prior aerial 
reconnaissance is required, including CT observa- 
tions. 

Predictions: Predictions (tf all items listed under 
observations are required at the time launch 
decisions are made. 

Communications: Normal communications of 
observaiitMis and predictions to the launch con- 
troller are adequate. 

Comments: None 


Code: □ Inc^'itveoience B Caution X Safety 
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Operations Event II-4 

Natural Environment Interface Requirements 

B Transonic Flight, 
Boosters and Orbiter 
Mated ( 7 km) 

Observations: Aloft: Detailed wind profile at 
altitudes ctf transonic flight, temperature profile 
from surface to supersonic flight. Aerial recon- 
naissance and measurements of CT at transonic 
altitudes are desirable. 

Predictions: Predictions of items listed under 
observ'atltms are required at times launch decisions 
are made. Predictions Of sonic boom effects are 
required. 

Communicatior .. Normal communications to con- 
trol authority are required. 

Comments: The natural environment requirements 
will be the same for booster or Orbiter transonic 
flight, individually. 


Code: □ Inconvenience B Caution X Safety 
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OjHM'Jilions Kvont 11-5 

Natural Environment Interface Requirements 

B Ihnamic Pressure 
Transition. P<H»slers 
and Orbitcr Mattni. 
Max q ft 11.25 km, 
although the vehicle 
will be within 10 per- 
cent of max q from 
about 5. 8 km ( 19 000 
ft) to It’. 5 km 
(54 000 ft) altitudf ' 

oijsorvations: Aloft: DctailofI wind observations 
are reepdred from 5 to 17 kir. altitude. Aerial 
reconnaissance and measurements of CT between 
5 and 17 km altitudes are desirable. 

Predictions : Predictions of items listed under 
observations are required at times launch decisions 
are made. 

Communications: Normal communications to con- 
trol authority are required. 

Conunents: None 
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Operations Event U-6 

Natural Environment Interface Requirements 

X Transition Through 
Maximum Winds 

Observations: Aloft: Detailed wind profiles from 
surface to 18 km altitude are required. 

Predictions: Predictions of detailed wind profiles 
from surface to 18 km altitude are required when 
decisions to launch are made. 

Communications: Normal communications are 
adequate. 

Comments: The level of critical maximum winds is 
between 8 and 15 km altitude. Both maximum 
dynamic pressure and transonic flight are expected 
near these same levels. 

1 

1 
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Operations Kvent II -7 


Natural Knvironment interlace Requirements 


B Boosters and Orbiter | Observations: None 
Separation 

(« 41 km altitude) j Pr(*dictions: Climatolopy 


Communications! No special requirements. 

Coiuments : C'limatolof'y and persistence provide 
Ihc basis for predictions at the.se altitudes. Atmos- 
pheric mo<lels may provide a better understanding 
of these altitudes. 
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Operations Event 71-8 

Natural Environment Interface Requirements 

X Boosters Free-Flight 
Trajectory 
[ to w 64 km altitude 
then fall to about 6 km 
( 20 000 ft) altitude] 

1 

Observations: Aloft: None required. 

Predictions: Climatology provides the basis for 
design and is expected to be adequate for predic- 
tions. 

Atmospheric models under development may 
provide improvements for predictions. 

Communications: Normal communications are 
adequate. 

Comments: The present concept is that unfavorable 
natural environment conditions for successful 
booster recovery ■will not constitute a launch 
constraint. 

J 

tt 
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operations Kvcnt 11- 9 

KJ |V«os(er Oevseent, 
Parachute openim? 
Uel'ween 5. 2 and 6 km 
Altitude 


< 'hJc; ij Tnconvenicnc 


Natural Environment Interface Requirements 
()l*s* I \:t(i«>ns; N'mc. 

PnHlii tions: A wii«l iu«»filc pre«licli<>n fi<»in the 
surface to li km is flesir*"*!. 

Oimn umicatio ns; No special re<|uirements. 

rommcnfs: The philostiphy of SI? M design nnd 
operation precludes sj>ccifvinp natural environment 
requirements for SHI’, descent ami impact. 
Evpericnee indicates, however, that wind profile 
( and perhaps «*lhir) prcvlictions will be desired. 


I 

I 

I 
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Operations Event II- 10 

Natural Environment Interface Requirements 

X Boosters Impact 

Observations: None. 

Predictions: Wind profile to 300 m altitude and 
sea state conditions are desired. 

Communications: No special requirements. 

Comments: Although launch may not be delayed if 
predictions for booster impact and recovery opera- 
tions are unfavorable, booster survival is highly 
desirable. 

The philosophy of SRB design and operation pre- 
cludes specifying natural environment requirem' nts 
for SRB descent and impact. Experience indicates, 
however, that wind profile ( and perhaps other) 
predictions will be desired. 


Code: □ Inconvenience B Caution X Safety 
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Operations Event II- 11 

Natural Environment Interface Hequirements 

X Boosters Ropoverv 

ohpei'VMtifms; Surfnc'o: Oiling^, visiliilitv, Inrlro- 
mrli'nrs, winds, and son stnto rim ing booster 
r('oo\erv are required. 

I’rc'lii lions: Predictions of items listed miflor 
obsf»rv;itions are required when (!(»<dsions to laiiirdi 
an .na<ie. I’redictinns and inonilorin« arc required 
fo continue until recovro-y is e-'»nipl('le. 

Comimmieations: Real- lime eomnmiiieations link 
l)e(wecii recoxf'iT ship and reenven’ director 
( nalurai environment support i^ronp) are required. 

f'omnicnts: The U.S. Navy Elcel Numerical 
VVeatlier Central, Monterey, Calif., has available 
sea-state foveeasls for the impact area and for 
booster recovery operations transit areas. 

1 

I 
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OlK'rations Event II- lli 


Natural Environment Interface Requirements 


□ Orliiter Powered 
Ascent 


Observations ; None. 

P redictions ; riiinatology and space environment 
inl'orn»ation in Reference 18 are required . Orbiter 
Powered Ascent after Booster Separation. 

Commcmications ; None. 

Comments ; Natural environment within climatic 
extremes are not expected to affect this operation. 


Code; C Inconvenience 


0 Caution 


X Safety 


AS.:i-o| i.T.ii lOT) 


70 




Operations Event II- 13 


Natural Environment Interface Requirements 


El External Tank ( ET) 
Separation, Freefall, 
Impact and Disposal. 

( Does not achieve 
orbit so falls back 
into the atmosphere) . 


Observations: None. 


Predictions: Predictions of ''^mospheric density 
from tlie 4D Global Reference Atmosphere along 
the reentry path may be desired. 


Comm unications : No special reijuirements. 

Comment®: Simulations using the 4D Global 
^ference Atmovr here can be made prior to 
launch. 


Code: 
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Operations Event n- 14 

Natural Environ nent Interface Requirements 

B Orbiter Enter Orbit 

t 

1 

I 

Observations: Sensors to detect solar radiation 
desired. 

A continuous worldwide meteorological watch of 
possible landing sites applicable to each orbit is 
required. 

Predictions.: Pre«l5rti«»ns of solar activity and 
effects arc required. 

Pre«liciions for emergent- abort aiwl return are 
i*e<iuired. 

Communications: Space communications are 
requircfl. 

Comments: I'he AWS Environmental Forecast 
Center at (iffult AFB and *hc N<)AA facility at 
Boulder, < ol. , have* the capabilily to provide 
predictions of solar activity and radiation support. 

It i.s recommended that ci.iergency aix>ri sites, 
other ret, rn sites, and solar activity be contin- 
uously monitored by the Air Force Giobal Weather 
Conti :<l or another agency with flight-following 
oat>ability. 
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SECTION VI. I'llASE III EVENTS - ORBIT 
MANEUVERS AND OPERATIONS 


OlHM*:»tions Lvent lU-l 

Natural Environment Interface Requirements 

□ ITiii-n »o riuu»Ke 
OrbUs 

j 

Mbservalion.s: Si.lar aoUvifv, even's, 

magnetic ficM. 

AWS :in«l N« )AA It*utl«ler, Co|. , are rAH'* ivirs? 

riill-liine, real-time rea<lo«l of a neutron ni«»nit»>r 
n| solar a*'tivity UK*attv| near tMbiwa, ('anaila, aiwl 
these' <lata are re«Euiretl »luring all s|»aec oj»cralioiTS. 

Als«»cl:ita from ll^c solar opKrnl lo|cs<*opo syslnin 
:mcJ tho solar raiHc» U‘lesrf»pos ;nw‘ rt.H|uirc<l. 

l*r<Mli<‘lions: PrtMliolions of itoins IisIimI uiuIcm- 
oliserva lions are rtM|uire«l. 

('••niniMiucat ions: C'ontiiuious l^«?-\v:iy, spaco-lo- 
irrounil eomnuniicatious are requiretl. T«*|c«meler- 
ill}* <»f sensor ilata to (ground control i.s f|esiral<lo. 

Comments: It is lH*lieved that all space envirmi- , 
inent iiHiuiremonlR will have been iiwludeil in 1 

ilesiRn and o|>eration tnit all possible factors irmst 
bo monitoreil for caution and emergencies- The 
AWS Environmental Forecast Center ami the Ni i.AA j 
facility at Boulder. Col. have the eapabililv 1 

provad** this information (Ueferenee 2. pp. :l- It). ; 

i 

1 

t 

1 

1 
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Operations Event m-2 

Natural Environment Interface Requirements 

□ Accomplish Space 
Mission 

Observations: Solar activity, proton events, 
magnetic field. Sun angle for maneuver. 

Continuous monitoring of near-earth space environ- 
ment is required. 

Predictions: Predictions of items listed under 
observations are required. 

Communications: Continuous two-way, space-to- 
ground communit iHons are required. 

Telemetering of sensor «lata to ground control is 
desirab'e. 

Comments: Planning for the Natural Environment 
Support for mission pa> load and experiments is a 
responsibility of payload managers as Space Shuttle 
missions arc conceived. It is recommended that 
payload managers specify and coordinate special 
mission requirements with the Space Shuttle 
natural environment support personnel. 
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Operations Kvent III -;{ 

Natural Knvironiiient Interface Requirements 

63 KmerKenov Heo'iirine 
KVA 

(‘Ijservatlons! Solar activity, pro(i>n events, and 
man*'rlic field are desired. 

Pre«llctions: Pre<lielions of items listed uivler 
ol)servallons are retjuired. Also pri'dicdions for 
emergency enliT and Landing are requirwl. 

Comiminiesitions: Continuous two-way, spacc-to- 
groend communications arc rcquiied. Telemeter- 
ing of sensor data to ground control is desirable. 

Comments: None 

1 

i 

i 

t 

1 

i 

! 
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Operations Event III-4 

Natural Environment Interface Requirements 

□ Reload Orbiter 

Observations: Solar activity, proton events. 

and Return 

magnetic field, and sun angle for maneuver are 

Preparations 

desired. 


Satellite observations of return and abort sites 
should be recorded. 


Predictions: Predictions of space environment for 
return are required. Predictions of densities 
along entry path and abort or emergency paths are 
required. If a predicted entry atmospheric model 
is available it may be stored to select any entrj' 
path. Predictions of landing conditions are 
required. 


Communications: Continuous two-way, space-to- 
ground communications are required. Telemeter- 
ing of sensor data to ground and prediction data to 
Orbiter for return are desirable. 

i 

1 

Comments: None 

1 

1 

i 
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SECTION VII. PHASE IV EVENTS - DEORBIT AND ENTRY 


(HuM'.-uifMi.v KveiU IV- 1 Natural Knvironinenl Interface Requirements 

y Selection of laiifling i »t);;i'r vations ! Aloft: Satellite oltservalions of 
site proiiose*! Iaii<lint< areas should In' nvaii.altU*. 

SuiTai'c: ('eilinu, vi«il»iU(y. winds, hvdi-<un<‘l('or.«5. 
rafi.ir ohservalions at proposed landing sites are 
riHjuiml . ••aths of major storms are requir^. 

Pr«Hlietions: l*re»lietions <*f all items listed uivler 
oltser’ ations for landing time are required. 

(.’oinmiinjraliou*,: ('ontinuons two way. space-lo- 
^rounil comimmirations rcquirotl. Teleinfipr<‘f| 
s'lrlaec observations t<* landing control is 
ilesi cable. 

Comments : Predictions of density arnl wind along 
cntiy path should be made from the 4I> Clobal 
Reference Atmosphere 




I I bn-(<r>i enience 


K) t.'aution 


X Salotv 
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Operations Event IV- 2 

Natural Environment Interface Requirements 

X Deorbit and De'^cent 
to 122 km altitude 

1 

Observations: Satellite observations of return 
and alternate sites should be available. 

Predictions: Predictions of densities and winds 
along entry path and alternate paths required. 
Predictions of approach and landing conditions 
required. Prediction of landing footprint based on 
predicted atmospheric conditions required. 

Flight following is required. 

Communications: Continuous two-way, space-to- 
ground comniunications desirable. Telemetering 
of sensor data to ground and prediction data to 
Orbiter desirable. 

Comments: Atmospheric models may provide a 
better understanding of these altitudes. 

Predictions of densities and winds should be made 
from the 4D Global Reference Atmosphere. 
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Kvonl IV-U 


y. n«'f'onfirm 
Pryoedi're 


Natur'il Environment Interface Requirements 


(jl)sorvatioii f.: Surface: Celling, visHtiliiy, hy<li*(»- 
mc(»“»rs. Minds, i:nlar olisori jitions -il propos»v| 
landing siles arc required. 


Pivdiciions: Predictions of all items listed under 
oliservaf ions for landing time are requirtHi. 


I'lijilit following is regui red . 

Commnnicalions: f.’onlimioiis (woway, S|iace. to- 
groiiiui c«»mmnnieations desirali’c. Ti*lem<>leie(| 
surface oltservalions to lanrling control are 
desiral»lc. 

Comments : Heconfi rmafion ol landing luoeediire is 
retjuired inunediately snbse(|nent lo communications 
lilackout. At tins point a lamling proi'cdure such as 
change in runways could be made, if dictated iiy 
runway wind conditions for example, but landing 
site cannot lie changed. 


Code: (J Inconvenience 


Kl Caution 


X Safety 


AS:l Mi,S 7t) ttvn 
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Operations Event IV- 4 

Natural Environ inent Interlace Requirements 

Q Entr>' 122-24 km 
Altitude 

Observations: None 

Predictions: Entry path parameters from the 4D 
Global Reference Atmosphere. 

Flight following is required. 

Communications: Continuous two-way, space-to- 
ground communications desirable. Telemetered 
density data from the Orbiter to controller are 
desirable. A communications blackout in this 
region exists with current entry procedures. 

Comments: Maximum entry heating and communi- 
cations blackout are expected about 30-80 km 
aliituce. 

The onboard Orbiter guidance system defines and 
coiurols the Orbiter to desired density-velocity 
(p-V) profile. If density variations occur more 
rapidly than the guidance can respond, larger 
temperature deviations will occur. 

1 

1 

1 
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OpcrnUons KvonI lV-5 | Natural Rnviroiiment Interface Requirements 


X EntiT 2l-;iJ5 km ohsc'rvali«ms: Winds and (ioiiFilies alonf; 

Allitudo. Toiminal patli are drsiralde. 

Area Fiw'vtry Manage- 
ment (TAKM) Pre< lk‘tion s! Prediolioiis of winds along fliglil path 

are rot .|ui red . 

Flight following is required . 

Communications t Continuous two-way, space- to- 
ground communications are required . 

Comments ! It is anticipated that a prediction of 
the TAEM wind profile, at least in a gross sense, 
will be required before deorbit. 


(’o*le: □ Inconvenience 


IS Caution 


X Safety 
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(iterations Event IV-6 

Natural Environmeit Interface Requirements 

X Final Approach and 
Landing 

Observations: Surface: Ceiling, cloud conditions, 
visibility, hydrometeors, wind, and temperature 
are required for the landing site. Aerial recon- 
naissance is desirable. 

Predictions: Predictions for all items listed under 
observations for arrival time are required con- 
tinucusly from decision to return until landing 
is complete. 

Flight following is required. 

Communications: FAA and Air Force approach and 
landing procedures. The Microwave Landing Sys- 
tem (MLS) is to be installed at KSC, EAFB, VAFB, 
Hickam AFB, Hawaii, and Anderson AFB, Guam. 

Comments ; N one 

1 

1 
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SECTION VIII. SERVICE REQUIRED FORORBITER FERRY FLIGHTS 


Ferry Event 1 

Natural Environment Interface Requirements 

IS Flight Planning 

i 

1 

Observations: Normal weather data available from 
National Weather Service and Air Force Communi- 
cations Networks for flight planning are required. 

Runway air temperatures and temperature profile 
for climb out are required. 

Special observations of CT may be desired. 

Predictions: In-flight and terminal weather for 
the entire flight with special emphasis on icing and 
CT are required. 

Communications: No special requirements. 

Comments: As presently envisioned, the feriy 
flights will involve outsized aircraft which may be 
very susceptible to turbulence and icing. 


Code: □ Inconvenience B Caution X Safety 


h:j 



Ferry Event 2 


X Take-off 


Natural Environment Int<,rface Requirements 


Observations: Normal terminal weather data. 


Runway air temperatures are required . 

, ' require special observations of low level tur- 

buic.. e near the runway. 

Predictions : Runway air temperatures, winds, and 
turbuience during take-off and climb are reqidred . 

A '•er.i jeiature profile from the surface to 610 m 
( ft) altitude for take-off and climb is 
r equired . 

Communications : FAA and Air Force normal 
aircr?ft support. 

Comments: Turbulence immediately after take-off 
may by critical at VAFB due to orographic effects. 

Crosswinds may constitute a severe take-oif 
constraint. 


Code: □ Inconvenience 


IS Caution 
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Ferry BJvent 3 

Natural F'.nvironment Interface Requirements 

X Flisht Following 

1 

Observations. Normal V'calher data available 
fiom National Weather Service and Air Force 
Comro inicalions Networks are required. 

In-flight weather reports from the aircnfl being 
monitored and other aircraft are required. 

Predictions; Continuous short range prtvlletions 
foi the remainder of tlte flight and for landing con- 
ditions are required. Special criteria for aircraft 
icing and critical turbulence ( CT) may lie desired. 

Communications; Normal weather sei vice and FAA 
in continuous contact with the aircraft being 
monitored is required. 

Comments; It is recommended that this support 
service be a responsibility of the Air Force Global 
Weather Central (GWC) or another agency with 
flight following capability. That agency ma> e.stal)- 
lisli operational support procedures with ali 
concerned. 

t 


Cofte; □ Inconvenience E) Caution X Safety 
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Ferry Event 4 


Natural Environment Interface Requirements 


X Approach and Landing | Observations ; Terminal weather reports are 

required . 

Predictions ; Predictions of terminal conditioi.s 
are required from flight p lanning until mission 
completion. 

Communications ; FAA and Air Force normal 
aircraft support. 

Comments; Turbulence may be a constraint due to 
local orographic effects. 

Crosswinds may constitute a severe landing 
c<»istraini* 


Code: □ Inconvenience 

IS Caution 

X Safety 

AS61-01 (Jul 74) (OT) 








Ferry Event 5 Natural Eovironmeat Interface Requirements 

X Wake Voi jc Pre- Observations; Routine FAA observations, 
diction and life 

Hiscoi>' Predictions; Vortex formation and life>histoiy will 

use FAA vortex prediction procedures vdien 
required. 

Communications; All oUier aircraf along the 
fUgnt path should be warned oi possible wake tur- 
bulence until more is known about the wake vortex 
life history. 

Comments ; It is recomnrended that this be a 
responsibility of the forecast facility at the landing 
and take-(^ installation. 


Code: □ Inconvenience 


IS Caution 


X Safety 


AS61-01 (Jul 74) (OT) 


87 





Ferry Event 6 Natural Environment Interface Requirements 

B Orbiter and Carrier Observations: Normal terminal weather r^orts 
Care Ground Opera- are required. 
tion and Parking to 

Avoid Natural Compartment temperatures in the Orbiter may be 

Environment Hazards required on clear, hot days. 

Predictions; Normal terminal weather predictions, 
to include weather warnings and compartment 
temperatures. 

Communications t Normal. 

Comments; The natural environment hazards 
should be included in ground protection and 
security plans. 


Code: □ Inconvenience IS Caution X Safety 
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